(Received 12 November 1987)
[" for PET studies of peripheral benzodiazepine receptors, was synthesized by alkylation of I-desmethyi-4'-chlorodiazepam, in a small volume of acetone adsorbed on acrylic yarn, with ["Clmethyl iodide in the injection loop of a liquid chromatograph.
Introduction
The radiosynthesis of receptor ligands for PET requires preparative procedures that take place on a scale that has traditionally been associated with microanalytical chemistry. Accordingly, it is often possible to purify a radiopharmaceutical for clinical studies by HPLC while simultaneously determining the chemical and radiochemical purity, and specific activity of the product. A natural extension of this is to make use of the variety of commercially available devices for automatic sample handling in HPLC for the remote handling of radioactive material at all steps in a radiosynthesis.
In the system described below, N-["C]methylation of secondary amides with ["Clmethyl iodide is performed in the injection loop of a liquid chromatograph.
The products of the reaction are then transferred directly onto a column for final purification. Modifications of this method should be generally applicable to secondary amines as well as amides, which together include a large number of radiopharmaceuticals of interest for PET.
We have selected the peripheral benzodiazepine receptor ligand, 4'-chlorodiazepam ( Fig.  I ; 7-chloro-S-[4-chlorophenyl]-l,3-dihydro-l-methyl-2H-1.4-benzodiazepin-2-one; R05-4864; Weissman et al., 1983) Secondly, a simple device is used for the rapid cooling and heating of the injection loop over the range of -60 to 220°C to permit trapping of the ["C]methyl iodide at a low temperature and subsequent pressurization and heating of the reactants at any desired temperature.
While the pressures during the reaction and chromatography in the present method do not exceed 4 atm, the approach is a general one, which will allow reactions under pressure and subsequent purification on an HPLC column where necessary. Thirdly, low pressure chromatography on small alumina columns with a pentane-ethanol mixture permits rapid, efficient separation of "C-labeled radiopharmaceuticals from their secondary amide or amine precursors. The solvent is non-toxic and can be removed simultaneously with elution of the product from the column by simply warming in a stream of NJ. Just before the radiosynthesis a tube prepared as described above is warmed to room temperature.
Experimental

Teflon reaction loop
A solution of 1 mg of the secondary amide precursor in 75 p L of 95% aqueous acetone is pipetted onto the inlet side of the yarn in the tube, which is then installed in the apparatus. The injection valve is kept in the closed position, and the loop is maintained at about -50°C by occasional pulses of liquid CO, to the cooling device. 1977) . is passed In a stream of NZ at 40mL:'min through a short column of soda lime to remove traces of t11, and then through the reaction loop maintained at ahout 50 C. About 95",,<, of the methyl iodide is trapped. The loop i< then sealed off'hq rotation of the injection valve (Model HVP-4-4, Hamilton) and pressurized with N, at 4atm to retard evaporation of the acctonc and methyl iodide during heating. The tube is rapidly heated to 60 C and maintained at that temperature for 5 mm The reaction loop is cooled to room temperature by a brief pulse of liquid CO?. and nitrogen pressurization is atopped The injection valve is agam rotated and elution with 9X:2 pentane:ethanol (I 2 mL min) is begun. The effluent from the chromatographic column is monitored for radioactivit) (Fig. 5) . Unreacted ["Clmethyl iodide elutes in 1.5min followed by at 4 min. When the product begins to elute. the effluent flow is temporarily switched to pass through a sterilized filter (ACRO LCl3, fluoropolymer membrane, Cielman Instrument Co.) intcl a sterile 5 mL septum-stoppered vial in an aluminum heating block maintained at 70 C' A flow of tittered N3 at 200mL:'min is maintained in and out of the vial during collection of the product to evaporate the solvent. After evaporation of the pentanc. physiological sahne containing 5% ethanol is added to the vial. which is then sonicated to dissolve the product. The compounds are detected quantitatively by U.V. absorbance at 238nm (Model V4, ISCO), and then by a flow through NaI(TI) scintillation detector (Model 170, Beckman Instruments).
The radioactive peak corresponding to ["cl4-chlorodiazepam is collected and the radioactivity measured in a dose calibrator or NaI(TI) well counter. E: drop in base-line when vial containing the product was removed from the apparatus.
Results and Discussion
The time from the completion of trapping of ["Clmethyl iodide in the reaction loop until delivery of the formulated radiopharmaceutical was approximately 15 min. About 180 mCi of were produced from about 400mCi
of ["Clmethyl iodide. Refurbishing the apparatus, including the system for synthesis of ["Clmethyl iodide, for another radiosynthesis required about 10 min. The radiochemical purity of the product was greater than 99% by HPLC (Fig. 6 ) and greater than 96% in both TLC systems. No u.v.-absorbing chemical contaminants could be detected in the product by HPLC (1% level), nor by either TLC system. Specific activity of the product was 50tK1000Ci/mmol at the completion of formulation for injection, a significant improvement over that reported previously (Turton et al., 1984) .
Of particular note is the absence of any detectable desmethyl precursor in the product. Neutral or basic alumina selectively retains secondary amides or amines vs the N-methylated analogs. This permits the use of short, disposable alumina columns to achieve complete separation of the desired radiopharmaceutical from the precursor and allows use of a relatively large amount of the precursor, facilitating efficient use of the radiolabel.
The radiolabeled product elutes from the column before the precursor, allowing rapid purification.
The absence of contamination of the product by the precursor is particularly important for hgands of high specific activity for quantitative receptor studies, since the precursors themselves frequently have a high affinity for the receptors.
The advantages of captive solvent techniques for rapid radiosynthesis have been described (Jewett et al., 1985 
